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SLICE-LAYER IN VIDEO CODEC 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 60/501,081, ?led Sep. 7, 2003, 
the disclosure of Which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to techniques for digitally 
encoding, decoding and processing video, images and other 
digital media content. 

BACKGROUND 

Digital video consumes large amounts of storage and 
transmission capacity. A typical raW digital video sequence 
includes 15 or 30 frames per second. Each frame can include 
tens or hundreds of thousands of pixels (also called pels). 
Each pixel represents a tiny element of the picture. In raW 
form, a computer commonly represents a pixel as a set of 
three samples totaling 24 bits. For instance, a pixel may 
comprise an 8-bit luminance sample (also called a luma 
sample) that de?nes the grayscale component of the pixel 
and tWo 8-bit chrominance sample values (also called 
chroma samples) that de?ne the color component of the 
pixel. Thus, the number of bits per second, or bit rate, of a 
typical raW digital video sequence may be 5 million bits per 
second or more. 

Many computers and computer networks lack the 
resources to process raW digital video. For this reason, 
engineers use compression (also called coding or encoding) 
to reduce the bit rate of digital video. Compression decreases 
the cost of storing and transmitting video by converting the 
video into a loWer bit rate form. Decompression (also called 
decoding) reconstructs a version of the original video from 
the compressed form. A “codec” is an encoder/decoder 
system. Compression can be lossless, in Which quality of the 
video does not suffer, but decreases in the bit rate are limited 
by the inherent amount of variability (sometimes called 
entropy) of the video data. Or, compression can be lossy, in 
Which quality of the video suffers, but achievable decreases 
in the bit rate are more dramatic. Lossy compression is often 
used in conjunction With lossless compressioniin a system 
design in Which the lossy compression establishes an 
approximation of information and lossless compression 
techniques are applied to represent the approximation. 

In general, video compression techniques include “intra 
picture” compression and “inter-picture” compression, 
Where a picture is, for example, a progressively scanned 
video frame, an interlaced video frame (having alternating 
lines for video ?elds), or an interlaced video ?eld. For 
progressive frames, intra-picture compression techniques 
compress individual frames (typically called I-frames or key 
frames), and inter-picture compression techniques compress 
frames (typically called predicted frames, P-frames, or 
B-frames) With reference to preceding and/or folloWing 
frames (typically called reference or anchor frames). 

The predicted frames may be divided into regions called 
macroblocks. A matching region in a reference frame for a 
particular macroblock is speci?ed by sending motion vector 
information for the macroblock. A motion vector indicates 
the location of the region in the reference frame Whose 
pixels are to be used as a predictor for the pixels current 
macroblock. The pixel-by-pixel difference, often called the 
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2 
error signal or residual, betWeen the current macroblock (or 
the blocks thereof) and the macroblock predictor is derived. 
This error signal usually has loWer entropy than the original 
signal. Therefore, the information can be encoded at a loWer 
rate. An encoder performs motion estimation by determining 
a motion vector for a region of a frame by searching for a 
matching region in one or more reference frames to use as 
a predictor. An encoder or decoder performs motion com 
pensation by applying the motion vector to ?nd the predictor 
in the one or more reference frames. 

The motion vector value for a macroblock is often cor 
related With the motion vectors for spatially surrounding 
macroblocks. Thus, compression of the data used to transmit 
the motion vector information can be achieved by coding the 
differential betWeen the motion vector and a motion vector 
predictor formed from neighboring motion vectors. 

Often in video compression techniques, blocks of pixels 
or other spatial domain video data such as residuals are 
transformed into transform domain data, Which is often 
frequency domain (i.e., spectral) data. The resulting blocks 
of spectral data coef?cients may be quantiZed and then 
entropy encoded. 
When the data is decompressed prior to the resulting 

video being displayed, a decoder typically performs the 
inverse of the compression operations. For example, a 
decoder may perform entropy decoding, inverse quantiZa 
tion, and an inverse transform While decompres sing the data. 
When motion compensation is used, the decoder (and 
encoder) reconstruct a frame from one or more previously 
reconstructed frames (Which are noW used as reference 
frames), and the neWly reconstructed frame may then be 
used as a reference frame for motion compensation for later 
frames. 
Many typical usage scenarios for digitally coded video 

involve transmission of the coded video betWeen devices, 
and frequently betWeen geographically distant locations. 
Further, many commonly used data transmission systems 
use packet-based transmission protocols, in Which a data 
transmission is divided into separately routed units called 
“packets.” These various transmission systems that carry 
digital video are often subject to noise and other sources of 
transmission errors, and can experience “packet loss.” Such 
errors and packet loss can lead to failure to decode an 
individual frame, or multiple related frames of the video 
sequence. 

It can therefore be desirable to encode partial regions of 
a picture in a video sequence as an independently decodable 
unit. This helps enable packetiZation of the video stream. 
Further, this introduces additional redundancy in the com 
pressed video bitstream that increases its resilience to trans 
mission errors and packet loss. For example, the decoding 
loss from a transmission error or lost packet can be limited 
to the partial region, instead of a full picture of the video 
sequence. HoWever, this resilience is achieved at the cost of 
compression ef?ciency. 
Numerous companies have produced video codecs. For 

example, Microsoft Corporation has produced a video 
encoder and decoder released for WindoWs Media Video 8. 
Aside from these products, numerous international standards 
specify aspects of video decoders and formats for com 
pressed video information. These standards include the 
H.261, MPEG-1, H.262, H.263, and MPEG-4 standards. 
Directly or by implication, these standards also specify 
certain encoder details, but other encoder details are not 
speci?ed. These products and standards use (or support the 
use of) different combinations of the compression and 
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decompression techniques described above. In particular, 
these products and standards provide various techniques for 
partial picture unit coding. 
One such technique divides a frame Within the video 

sequence into slices. A slice is de?ned to contain one or more 
contiguous roWs of macroblocks in their original left-to 
right order. A slice begins at the ?rst macroblock of a roW, 
and ends at the last macroblock of the same or another roW. 

Various standards, e.g., MPEG-1, MPEG-2, H.263 (With 
GOBs being roughly equivalent to slices or With Annex K 
slice structured coding mode), MPEG-4 part 2 and H.264/ 
JVT/MPEG-4partl0, all have slices as part of their syntax. 
Among these, all of them disable intra prediction and motion 
vector prediction and most other forms of prediction across 
slice boundaries for error/loss robustness reasons. Among 
these, only H.263 (Annex I) and H.264/JVT include loop 
?lters. H.263 handling of interlace is rather primitive (?eld 
coding only using Annex W supplemental enhancement 
indications). H.264 has a more error-robust header structure 
and alloWs the encoder to select Whether or not loop ?ltering 
is to be applied across slice boundaries 

The implementation of slices in these various video 
decoding standards each strike a different balance betWeen 
resiliency and coding e?iciency. 

SUMMARY 

A video codec and bitstream syntax described herein 
includes a slice-layer that is designed to be ?exible, and 
provide an effective combination of error-resilience and 
compression e?iciency. This slice-layer provides the folloW 
ing key features: 

a) an e?icient slice addressing mechanism that Works With 
progressive, interlace-frame and interlace-?eld coding 
methods, 

b) a ?exible and e?icient mechanism to retransmit the 
picture header in the slice-layer, and 

c) decoding independence by disabling of all forms of 
prediction, overlap and loop-?ltering across slice-bound 
aries, so that a slice coded in intra-mode can be recon 
structed error-free, irrespective of errors in other regions of 
the picture. 

Additional features and advantages of the invention Will 
be made apparent from the folloWing detailed description of 
embodiments that proceeds With reference to the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a video encoder employing 
the slice layer coding described herein. 

FIG. 2 is a block diagram of a video decoder employing 
the slice layer coding described herein. 

FIG. 3 is a diagram illustrating a hierarchical arrangement 
of elements of a video sequence represented in a compressed 
bitstream utiliZed by the video encoder/decoder employing 
slice layer coding. 

FIG. 4 is a sequence-level syntax diagram of a coding 
syntax of the compressed bitstream utiliZed by the video 
encoder/decoder employing the slice layer coding. 

FIG. 5 is a frame-level syntax diagram of a coding syntax 
of the compressed bitstream utiliZed by the video encoder/ 
decoder employing the slice layer coding. 

FIG. 6 is a slice layer-level syntax diagram of a coding 
syntax of the compressed bitstream utiliZed by the video 
encoder/decoder employing the slice layer coding. 
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4 
FIG. 7 is a diagram depicting an example of overlap 

smoothing performed at block boundaries. 
FIG. 8 is a diagram depicting an example of horizontal 

block boundary pixels in an I picture on Which in-loop 
deblock ?ltering is performed. 

FIG. 9 is a diagram depicting an example of vertical block 
boundary pixels in an I picture on Which in-loop deblock 
?ltering is performed. 

FIG. 10 is a block diagram of a suitable computing 
environment for the video encoder/decoder of FIGS. 1 and 
2. 

FIG. 11 is a diagram depicting a set of four-pixel segments 
used in loop ?ltering. 

FIG. 12 is a diagram depicting a pixels used in a ?ltering 
operation. 

FIG. 13 is a pseudo-code listing of a ?ltering operation on 
a third pixel pair of a segment. 

FIG. 14 is a pseudo-code listing of a ?ltering operation on 
a ?rst, second and fourth pixel pairs of a segment. 

DETAILED DESCRIPTION 

The folloWing description is directed to implementations 
of a slice layer in a video codec and bitstream syntax, Which 
is designed to be ?exible and provide an effective combi 
nation of error-resilience and compression e?iciency. An 
exemplary application of the slice layer coding is in an 
image or video encoder and decoder. Accordingly, the slice 
layer coding is described in the context of a generaliZed 
image or video encoder and decoder, but alternatively can be 
incorporated in the bitstream syntax of various other image 
and video codecs that may vary in details from this exem 
plary bitstream syntax described below. 

1. GeneraliZed Video Encoder and Decoder 
FIG. 1 is a block diagram of a generaliZed video encoder 

(100) and FIG. 2 is a block diagram of a generaliZed video 
decoder (200), in Which the WMV9/VC-9 transforms can be 
incorporated. 
The relationships shoWn betWeen modules Within the 

encoder and decoder indicate the main ?oW of information 
in the encoder and decoder; other relationships are not 
shoWn for the sake of simplicity. In particular, FIGS. 1 and 
2 usually do not shoW side information indicating the 
encoder settings, modes, tables, etc. used for a video 
sequence, frame, macroblock, block, etc. Such side infor 
mation is sent in the output bitstream, typically after entropy 
encoding of the side information. The format of the output 
bitstream can be a WindoWs Media Video format or another 
format. 
The encoder (100) and decoder (200) are block-based and 

use a 4:2:0 macroblock format With each macroblock includ 
ing 4 luminance 8x8 luminance blocks (at times treated as 
one 16x16 macroblock) and tWo 8x8 chrominance blocks. 
Alternatively, the encoder (100) and decoder (200) are 
obj ect-based, use a different macroblock or block format, or 
perform operations on sets of pixels of different siZe or 
con?guration than 8x8 blocks and 16x16 macroblocks. 

Depending on implementation and the type of compres 
sion desired, modules of the encoder or decoder can be 
added, omitted, split into multiple modules, combined With 
other modules, and/or replaced With like modules. In alter 
native embodiments, encoder or decoders With different 
modules and/ or other con?gurations of modules perform one 
or more of the described techniques. 

A. Video Encoder 
FIG. 1 is a block diagram of a general video encoder 

system (100). The encoder system (100) receives a sequence 
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of video frames including a current frame (105), and pro 
duces compressed video information (195) as output. Par 
ticular embodiments of video encoders typically use a 
variation or supplemented version of the generalized 
encoder (100). 

The encoder system (100) compresses predicted frames 
and key frames. For the sake of presentation, FIG. 1 shoWs 
a path for key frames through the encoder system (100) and 
a path for forWard-predicted frames. Many of the compo 
nents of the encoder system (100) are used for compressing 
both key frames and predicted frames. The exact operations 
performed by those components can vary depending on the 
type of information being compressed. 
A predicted frame [also called p-frame, b-frame for bi 

directional prediction, or inter-coded frame] is represented 
in terms of prediction (or difference) from one or more other 
frames. A prediction residual is the difference betWeen What 
Was predicted and the original frame. In contrast, a key 
frame [also called i-frame, intra-coded frame] is compressed 
Without reference to other frames. 

If the current frame (105) is a forWard-predicted frame, a 
motion estimator (110) estimates motion of macroblocks or 
other sets of pixels of the current frame (105) With respect 
to a reference frame, Which is the reconstructed previous 
frame (125) buffered in the frame store (120). In alternative 
embodiments, the reference frame is a later frame or the 
current frame is bi-directionally predicted. The motion esti 
mator (110) outputs as side information motion information 
(115) such as motion vectors. A motion compensator (130) 
applies the motion information (115) to the reconstructed 
previous frame (125) to form a motion-compensated current 
frame (135). The prediction is rarely perfect, hoWever, and 
the difference betWeen the motion-compensated current 
frame (135) and the original current frame (105) is the 
prediction residual (145). Alternatively, a motion estimator 
and motion compensator apply another type of motion 
estimation/compensation. 
A frequency transformer (160) converts the spatial 

domain video information into frequency domain (i.e., spec 
tral) data. For block-based video frames, the frequency 
transformer (160) applies a transform described in the 
folloWing sections that has properties similar to the discrete 
cosine transform [“DCT”]. In some embodiments, the fre 
quency transformer (160) applies a frequency transform to 
blocks of spatial prediction residuals for key frames. The 
frequency transformer (160) can apply an 8x8, 8x4, 4x8, or 
other siZe frequency transforms. 
A quantiZer (170) then quantiZes the blocks of spectral 

data coef?cients. The quantiZer applies uniform, scalar 
quantiZation to the spectral data With a step-siZe that varies 
on a frame-by-frame basis or other basis. Alternatively, the 
quantiZer applies another type of quantiZation to the spectral 
data coef?cients, for example, a non-uniform, vector, or 
non-adaptive quantiZation, or directly quantiZes spatial 
domain data in an encoder system that does not use fre 
quency transformations. In addition to adaptive quantiZa 
tion, the encoder (100) can use frame dropping, adaptive 
?ltering, or other techniques for rate control. 
When a reconstructed current frame is needed for subse 

quent motion estimation/ compensation, an inverse quantiZer 
(176) performs inverse quantiZation on the quantiZed spec 
tral data coef?cients. An inverse frequency transformer 
(166) then performs the inverse of the operations of the 
frequency transformer (160), producing a reconstructed pre 
diction residual (for a predicted frame) or a reconstructed 
key frame. If the current frame (105) Was a key frame, the 
reconstructed key frame is taken as the reconstructed current 
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6 
frame (not shoWn). If the current frame (105) Was a pre 
dicted frame, the reconstructed prediction residual is added 
to the motion-compensated current frame (135) to form the 
reconstructed current frame. The frame store (120) buffers 
the reconstructed current frame for use in predicting the next 
frame. In some embodiments, the encoder applies a deblock 
ing ?lter to the reconstructed frame to adaptively smooth 
discontinuities in the blocks of the frame. 
The entropy coder (180) compresses the output of the 

quantiZer (170) as Well as certain side information (e.g., 
motion information (115), quantiZation step siZe). Typical 
entropy coding techniques include arithmetic coding, dif 
ferential coding, Huf?nan coding, run length coding, LZ 
coding, dictionary coding, and combinations of the above. 
The entropy coder (180) typically uses different coding 
techniques for different kinds of information (e.g., DC 
coef?cients, AC coefficients, different kinds of side infor 
mation), and can choose from among multiple code tables 
Within a particular coding technique. 
The entropy coder (180) puts compressed video informa 

tion (195) in the buffer (190). A buffer level indicator is fed 
back to bitrate adaptive modules. The compressed video 
information (195) is depleted from the buffer (190) at a 
constant or relatively constant bitrate and stored for subse 
quent streaming at that bitrate. Alternatively, the encoder 
system (100) streams compressed video information imme 
diately folloWing compression. 

Before or after the buffer (190), the compressed video 
information (195) can be channel coded for transmission 
over the netWork. The channel coding can apply error 
detection and correction data to the compressed video infor 
mation (195). 

B. Video Decoder 
FIG. 2 is a block diagram of a general video decoder 

system (200). The decoder system (200) receives informa 
tion (295) for a compressed sequence of video frames and 
produces output including a reconstructed frame (205). 
Particular embodiments of video decoders typically use a 
variation or supplemented version of the generaliZed 
decoder (200). 
The decoder system (200) decompresses predicted frames 

and key frames. For the sake of presentation, FIG. 2 shoWs 
a path for key frames through the decoder system (200) and 
a path for forWard-predicted frames. Many of the compo 
nents of the decoder system (200) are used for compressing 
both key frames and predicted frames. The exact operations 
performed by those components can vary depending on the 
type of information being compressed. 
A buffer (290) receives the information (295) for the 

compressed video sequence and makes the received infor 
mation available to the entropy decoder (280). The buffer 
(290) typically receives the information at a rate that is fairly 
constant over time, and includes a jitter buffer to smooth 
short-term variations in bandWidth or transmission. The 
buffer (290) can include a playback buffer and other buffers 
as Well. Alternatively, the buffer (290) receives information 
at a varying rate. Before or after the buffer (290), the 
compressed video information can be channel decoded and 
processed for error detection and correction. 

The entropy decoder (280) entropy decodes entropy 
coded quantiZed data as Well as entropy-coded side infor 
mation (e.g., motion information, quantiZation step siZe), 
typically applying the inverse of the entropy encoding 
performed in the encoder. Entropy decoding techniques 
include arithmetic decoding, differential decoding, Huf?nan 
decoding, run length decoding, LZ decoding, dictionary 
decoding, and combinations of the above. The entropy 
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decoder (280) frequently uses different decoding techniques 
for different kinds of information (e.g., DC coef?cients, AC 
coef?cients, different kinds of side information), and can 
choose from among multiple code tables Within a particular 
decoding technique. 

If the frame (205) to be reconstructed is a forWard 
predicted frame, a motion compensator (230) applies motion 
information (215) to a reference frame (225) to form a 
prediction (235) of the frame (205) being reconstructed. For 
example, the motion compensator (230) uses a macroblock 
motion vector to ?nd a macroblock in the reference frame 
(225). A frame buffer (220) stores previous reconstructed 
frames for use as reference frames. Alternatively, a motion 
compensator applies another type of motion compensation. 
The prediction by the motion compensator is rarely perfect, 
so the decoder (200) also reconstructs prediction residuals. 
When the decoder needs a reconstructed frame for sub 

sequent motion compensation, the frame store (220) bulfers 
the reconstructed frame for use in predicting the next frame. 
In some embodiments, the encoder applies a deblocking 
?lter to the reconstructed frame to adaptively smooth dis 
continuities in the blocks of the frame. 
An inverse quantiZer (270) inverse quantiZes entropy 

decoded data. In general, the inverse quantiZer applies 
uniform, scalar inverse quantiZation to the entropy-decoded 
data With a step-siZe that varies on a frame-by-frame basis 
or other basis. Alternatively, the inverse quantiZer applies 
another type of inverse quantiZation to the data, for example, 
a non-uniform, vector, or non-adaptive quantiZation, or 
directly inverse quantiZes spatial domain data in a decoder 
system that does not use inverse frequency transformations. 
An inverse frequency transformer (260) converts the 

quantiZed, frequency domain data into spatial domain video 
information. For block-based video frames, the inverse 
frequency transformer (260) applies an inverse transform 
described in the folloWing sections. In some embodiments, 
the inverse frequency transformer (260) applies an inverse 
frequency transform to blocks of spatial prediction residuals 
for key frames. The inverse frequency transformer (260) can 
apply an 8x8, 8x4, 4x8, or other siZe inverse frequency 
transforms. 

2. Slice Layer Coding 
As discussed in the background section above, one tech 

nique of preventing or minimiZing decoding failures due to 
packet loss and transmission errors is to provide additional 
redundancy via coding in independently decodable partial 
picture units, such as the slices provided in some prior video 
codec standards. In general, a slice is a portion of a picture 
that includes one or more contiguous roWs of macroblocks. 
One of the main challenges of slices is to enable the codec 

to achieve the right trade-off betWeen error resilience and 
compression. The reason is that some video codec applica 
tions or use scenarios have to overcome signi?cant amount 
of packet loss, and therefore place a high premium on error 
resilience. Other applications require very minimal error 
resilience, but require ef?cient compression. In implemen 
tations of a video codec’s bitstream syntax described herein, 
the syntax incorporates a slice layer or other partial picture 
unit layer designed so that the optimal choice of resilience 
and ef?ciency can be achieved. This capability is achieved 
in the folloWing Ways: 
A ) Perfect Reconstruction of an Intra-Slice: The slice 

layer of the illustrated syntax has been designed such that 
operations such as loop-?ltering, and overlap do not func 
tion across slices. Therefore, if all the macroblocks of a slice 
are intra-coded, and if the picture header corresponding to 
that slice is knoWn, then that slice can be reconstructed 
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8 
exactly Without error, irrespective of errors in other slices 
(regions) of the picture. This alloWs for perfect (error-free) 
reconstruction of an intra-slice, and provides signi?cant 
error resilience capability. 

B) LoW cost method of Repeating Frame Header: Rep 
etition of the picture header information increases the prob 
ability that the picture header Will be received at the decoder, 
but comes at the cost of decreasing compression ef?ciency. 
The illustrated slice-layer syntax signals Whether the picture 
header is transmitted in a slice using a 1-bit ?ag. This alloWs 
the encoder to choose both the number of slices, and the 
particular slice, in Which picture header is retransmitted. 

A. Syntax Hierarchy 
More speci?cally, the illustrated video codec syntax rep 

resents video using a hierarchical syntax structure that 
decomposes each frame of the video sequence into three 
basic hierarchical layersipicture 310, macroblock 340 and 
block 350, as shoWn in FIG. 3. The picture 310 includes a 
luminance (Y) channel 330, and chrominance (Cr and Cb) 
channels 331*332. The picture layer 310 is made up of roWs 
of macroblocks 340. Each macroblock generally contains 
six blocks: a 2x2 group of blocks from the luminance layer, 
and a block from each of the chrominance channels. The 
blocks generally consist of 8x8 luminance or chrominance 
samples (although 4x8, 8x4 and 4x4 transform blocks also 
can be used in the illustrated video codec syntax), to Which 
a transform is applied for transform-based encoding. 

Further, an optional fourth layer, called the slice layer 
320, can be present betWeen the picture layer 310, and the 
macroblock layer 340. A slice is de?ned to contain one or 
more contiguous roWs of macroblocks that are scanned in 
raster-scan order. Thus, a picture 310 can be decomposed 
into slices 320, Which in turn, can be decomposed into 
macroblocks 340. In this illustrated video codec syntax, a 
slice alWays begins at the ?rst macroblock of a roW, and ends 
at the last macroblock of the same or another roW. Thus, a 
slice contains an integer number of complete roWs. Further, 
pictures and slices are alWays byte-aligned in this illustrated 
video codec bitstream syntax, and are transmitted in an 
independent decodable unit (IDU) as described beloW. A 
neW picture, or a slice, is detected via start-codes as outlined 
beloW. 

B. Slice Layer De?nition 
A slice represents one or more contiguous roWs of mac 

roblocks that are scanned in raster-scan order. The slice layer 
in the illustrated syntax is optional, and can be skipped by 
coding a picture as a single independent decodable unit 
(IDU). When a picture is coded in multiple IDUs, slices are 
used. Note that a slice alWays begins at the ?rst macroblock 
in a roW, and ends at the last macroblock in the same or 
another roW. Thus, a slice contains an integer number of 
complete roWs. A slice is alWays byte-aligned, and each slice 
is transmitted in a different IDU. The beginning of a neW 
slice is detected through search for start-codes as outlined 
beloW. 
When a neW slice begins, motion vector predictors, pre 

dictors for AC and DC coefficients, and the predictors for 
quantiZation parameters are reset. In other Words, With 
respect to prediction, the ?rst roW of macroblocks in the 
slice is considered to be the ?rst roW of macroblocks in the 
picture. This ensures that there is no inter-slice dependency 
in predictors. Further, When slices are used, all bitplane 
information is carried in raW mode Which ensures that each 
macroblock carries its oWn local information. 

C. Slice Layer Syntax Structure 
With reference to FIGS. 4 and 5, the compressed video 

bitstream 195 (FIG. 1) includes information for a sequence 
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of compressed progressive video frames or other pictures 
(e.g., interlace frame or interlace ?eld format pictures). The 
bitstream is organized into several hierarchical layers that 
are decoded by a decoder such as the decoder (200) of FIG. 
2. The highest layer is the sequence layer, Which has 
information for the overall sequence of frames. Additionally 
(as previously summarized), each compressed video frame 
is made up of data that is structured into three hierarchical 
layers: picture, macroblock, and block (from top to bottom); 
and optionally a slice layer betWeen the picture and mac 
roblock layers. 

FIG. 4 is a syntax diagram for the sequence layer 400, 
Which includes a sequence header 410 folloWed by data for 
the picture layer 500 (see FIG. 5). The sequence header 410 
includes several sequence-level elements that are processed 
by the decoder and used to decode the sequence. 

FIG. 5 is a syntax diagram for the picture layer 500 for an 
interlace intra-coded frame [“interlace l-frame”]. Syntax 
diagrams for other pictures, such as progressive l-frames, 
P-pictures and B-frames have many similar syntax elements. 
The picture layer 500 includes a picture header 510 folloWed 
by data for the macroblock layer 520. The picture header 510 
includes several picture-level elements that are processed by 
the decoder and used to decode the corresponding frame. 
Some of those elements are only present if their presence is 
signaled or implied by a sequence-level element or a pre 
ceding picture-level element. 

FIG. 6 is a syntax diagram for the slice layer 600, Which 
includes a slice header 610 folloWed by data for the mac 
roblock layer 520. The elements that make up the slice 
header 610 include a slice address (SLICE_ADDR) element 
620, and a picture header present ?ag (PIC_HEADER 
_FLAG) element 630, as also shoWn in the folloWing table 
1. 
The slice address element 620 is a ?xed-length 9-bit 

syntax element. The roW address of the ?rst macroblock roW 
in the slice is binary encoded in this syntax element. In the 
illustrated implementation, the range of this syntax element 
is from 1 to 511, Where the maximum picture siZe of 8192 
corresponds to a maximum of 512 macroblock roWs. 

The PIC_HEADER_FLAG 630 is a 1-bit syntax element 
that is present in the slice header. If PIC_HEADER_FLAG 
:0, then the picture header information is not repeated in the 
slice header. If the PIC_HEADER_FLAG :1, the informa 
tion of the picture header 510 (FIG. 5) appearing in the 
picture layer containing this slice is repeated in the slice 
header. 

TABLE 1 

Slice-Layer bitstream 

Number 
SLICE( ) { of bits 

SLICEiADDR 9 
PICiHEADERiFLAG 1 
if (PICiHEADERiFLAG == 1) { 

PICTUREELAYEM ) 

for (‘all macroblocks’ ) { 
MBiLAYER ( ) 

} 

3. Independently Decodable Unit Start Codes 
In the bitstream syntax of the illustrated video encoder/ 

decoder, an Independently Decodable Unit (IDU) of com 
pressed video data begins With an identi?er called a Start 
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Code (SC). An IDU could refer to a single picture, or a slice 
(i.e., group of macroblocks 10 in a picture), or a group of 
pictures (GOP), or a sequence header. 
The start code is a sequence of four bytes, Which consists 

of an unique three-byte Start Code Pre?x (SCP), and an one 
byte Start Code Su?ix (SCS). The SCP is the unique 
sequence of three bytes (0x000001). The SCS is used to 
identify the type of IDU that folloWs the start code. For 
example, the suf?x of the start code before a picture is 
different from the suf?x of the start code before a slice. Start 
codes are alWays byte-aligned. 
An Encapsulation Mechanism (EM) is described to pre 

vent emulation of the start code pre?x in the bitstream. The 
compressed data before encapsulation is called RaW Inde 
pendently Decodable Unit (RIDU), While Encapsulated IDU 
(EIDU) refers to the data after encapsulation. 
The folloWing section provides an encoder-side perspec 

tive on hoW start code and encapsulation operates. Section 
E.2 speci?es detection of start codes and ElDUs at the 
decoder. Section E3 deals With extraction of an RIDU from 
an EIDU. Section E.4 speci?es start code su?ixes for various 
IDU types. 

A. Start-codes and EncapsulationiAn encoder vieWpoint 
The encapsulation of a RIDU to obtain an EIDU is 

described beloW. 
Step 1: A trailing ‘1’ bit is added to the end of the RIDU. 

The EM noW appends betWeen 0 and 7 bits onto the end of 
the IDU such that the IDU ends in a byte-aligned location. 
The value of these “stuffing” bits is ‘0’ . As a result, at the end 
of this step, the IDU is represented in an integer number of 
bytes, in Which the last byte of the IDU cannot be a 
Zero-valued byte. The resulting string of bytes is called the 
payload bytes of the IDU. 

Step 2: The three-byte start code pre?x (0x000001), and 
the appropriate start code su?ix that identi?es the IDU type 
are placed at the beginning of the EIDU. 

Step 3: The remainder of the EIDU is formed by process 
ing the payload bytes of the IDU through the folloWing 
emulation prevention process. The emulation of start code 
pre?xes in the IDU is eliminated via byte-stuf?ng. The 
emulation prevention process is equivalent to the folloWing 
operation: 
1) Replace each string Within the payload of 2 consecutive 

bytes of value 0x00 folloWed by a byte that contains Zero 
values in its six MSBs (regardless of the LSB values) With 
2 bytes of value 0x00 folloWed by a byte equal to 0x03 
folloWed by a byte equal to the last byte of the original 
three-byte data string. This process is illustrated in Table 
2. 

TABLE 2 

Emulation Prevention Pattern Replacement 

Pattern to Replace Replacement Pattern 

0X00, 0X00, 0X00 
0X00, 0X00, 0X01 
0X00, 0X00, 0X02 
0X00, 0X00, 0X03 

0X00, 0X00, 0X03, 0X00 
0X00, 0X00, 0X03, 0X01 
0X00, 0X00, 0X03, 0X02 
0X00, 0X00, 0X03, 0X03 

Step 3: The three-byte start code pre?x (0x000001), and 
the appropriate start code su?ix that identi?es the IDU type 
are attached to the beginning of the IDU. The resulting 
payload is an encapsulated IDU. 
The encoder is also alloWed to insert any number of 

Zero-valued stuf?ng bytes after the end of an EIDU. Equiva 
lently, any number of Zero-valued stuf?ng bytes can be 
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inserted before a start code pre?x. The start code is struc 
tured such that it can be detected by a decoder even if in the 
presence of these Zero-valued stuf?ng bytes. In some trans 
mission environments such as H.320, the encoder may use 
this feature to insert extra Zero-valued stuf?ng bytes bytes as 
desired, Which can enable the decoder to quickly recover the 
location of the start-codes even if it has lost track of the 
intended alignment of the bitstream to byte boundaries. 
Further, these Zero-valued stuf?ng bytes may also be useful 
in splicing bitstreams, ?lling a constant bit-rate channel, etc. 
Zero-Valued Stuf?ng bytes prior to start codes, or at the end 
of an EIDU, are not processed through the encapsulation 
mechanism4only RIDU data requires such processing. 

B. Detection of Start codes and EIDU 
The detection of an EIDU starts With the search for the 

start code pre?x. 
Detection of Start Codes Starting from Byte-Aligned 

Positions. In a decoder that cannot lose byte-alignment, or 
once byte alignment has been established, start code detec 
tion is conducted as follows. 
1. Whenever a string of tWo or more bytes of value 0x00 

folloWed by a byte of value 0x01 is found, a start code 
pre?x detection is declared. 
When 2 successive start-codes pre?xes are detected, the 

payload bitstream betWeen them is declared as a neW EIDU. 
Detection of Start Codes After Loss of Byte Alignment in 

a Decoder. In a decoder that has lost byte-alignment (as can 
happen in some transmission environments), start-code pre 
?x detection and byte-alignment detection are conducted as 
folloWs. Whenever a string of three or more bytes of value 
0x00 is found, folloWed by any non-Zero byte is found, a 
start code pre?x detection is declared and byte alignment is 
understood to be recovered such that the ?rst nonZero bit in 
the non-Zero byte is the last bit of a byte-aligned start code. 

C. Extraction of RIDU from EIDU 
The extraction of a raW IDU from an encapsulated IDU is 

described beloW. 
Step 1: The start-code suf?x is used to identify the type of 

IDU. 
Step 2: The ?rst step is to remove the Zero-valued stu?ing 

bytes at the end of EIDU. After this step, the last byte of the 
IDU must have a non-Zero value. 

Step 3: The bytes used for emulation prevention are 
detected and removed. The process is as folloWs: 
Whenever a string of tWo bytes of value 0x00 is folloWed 

by a byte equal to 0x03, the byte equal to 0x03 is understood 
to be an emulation prevention byte and is discarded. 

This process is illustrated in Table 3. 

TABLE 3 

Decoder Removal of Emulation Prevention Data 

Pattern to Replace Replacement Pattern 

0X00, 0X00, 0X03, 0X00 
0X00, 0X00, 0X03, 0X01 
0X00, 0X00, 0X03, 0X02 
0X00, 0X00, 0X03, 0X03 

0X00, 0X00, 0X00 
0X00, 0X00, 0X01 
0X00, 0X00, 0X02 
0X00, 0X00, 0X03 

The folloWing byte patterns, if seen Within the bitstream, 
represent error conditions (noting that loss of proper byte 
alignment by the decoder is considered an error condition): 

a) A string of tWo bytes of value 0x00 folloWed by a byte 
equal to 0x02 indicates error condition. 

b) A string of three or more bytes of value 0x00, if not 
folloWed by a byte of 0x01 is an error condition (note 
that if tWo or more bytes equal to Zero are folloWed by 
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12 
a byte of value 0x01 and byte alignment has not been 
lost, detection of a subsequent start code is declared). 

c) A string of tWo bytes of value 0x00, folloWed by a byte 
of value 0x03, folloWed by a byte Which is not one of 
0x00, 0x01, or 0x02, or 0x03. 

Step 4: In the last-byte of the IDU, the last non-Zero bit 
is identi?ed, and that non-Zero bit, and all the “Zero” bits that 
folloW are discarded. The result is a raW IDU. 

D. Start-code Suf?xes for IDU Types 
The start code su?ixes for various IDU types are pre 

sented in Table 4. 

TABLE 4 

Start Code Suffixes for Various IDU Types 

Start-code Suffix IDU Type 

0x00 SMPTE Reserved 
0x014)x09 SMPTE Reserved 
OxOA End-of-Sequence 
OxOB Slice 
OxOC Field 
OxOD Frame 
OxOE Entry-point Header 
OxOF Sequence Header 
OxlOAJxlA SMPTE Reserved 
OxlB Slice Level User Data 
OxlC Field Level User Data 
OxlD Frame Level User Data 
OxlE Entry-point Level User 

Data 
OxlF Sequence Level User Data 
0x204)x7F SMPTE Reserved 
OxSOAJxFF Forbidden 

The SequenceHeader suf?x is sent to identify IDUs Which 
carry a sequence header 410 (FIG. 4). 
The Entry-point Header suf?x is sent to identify IDUs 

Which carry an entry-point header. 
The Picture suf?x is sent to identify IDUs Which contains 

the picture 320 (FIG. 3, and the picture header 510 (FIG. 5). 
The Field suf?x is sent to identify IDUs Which contain the 

second ?eld of a picture that is coded as tWo separate ?elds. 
The Slice suf?x is sent to identify IDUs Which carry slices 

320 (FIG. 3), and the slice header 610 (FIG. 6). 
The Sequence, Entry-point, Frame, Field, and Slice Level 

User data suffixes are used to transmit any user de?ned data 
associated With the Sequence, Entry-point, Frame, Field, and 
Slice respectively. 
The “End-of-sequence” is an optional suffix Which indi 

cates that the current sequence has ended, and no further 
data Will be transmitted for this sequence. Note that the 
transmission of an “end-of-sequence” may be present, but 
the end of a sequence shall be inferred from the header of the 
next sequence. 

4. Slice Layer Independence 
The illustrated slice layer 320 (FIG. 3) also achieves 

independent decodability, and independent reconstruction. 
This enables the slice to be reconstructed error-free at the 
decoder irrespective of transmission errors or packet loss in 
other regions of the picture 310 (FIG. 3). 

A. Independent Decodability 
The content of a slice layer 320 is decoded independently 

of the picture content in other slices or regions of the picture. 
When a neW slice begins, the encoder 100 and decoder 200 
reset the motion vector predictors, predictors for AC and DC 
coef?cients, and the predictors for quantiZation parameters. 
In other Words, With respect to prediction, the ?rst roW of 
macroblocks in the slice is treated as if it Were the ?rst roW 
of macroblocks in the picture. This helps to ensure that there 
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is no inter-slice dependency in predictors. Further, When 
slices are used, macroblock level information that is other 
Wise coded (e.g., using bitplane coding) at the picture layer 
(such as motion vector mode, and ?ags for ac prediction) are 
carried locally With other macroblock level information such 
as transform coefficients. This alloWs each slice to be 
decoded independently (i.e., Without reliance on data 
decoded from other slices of the picture). 

B. Independent Reconstruction: 
Further, the process of reconstruction of a slice is per 

formed independently from reconstruction of any other slice 
(e.g., adjacent slices) in a picture. Accordingly, any pro 
cesses (such as inloop deblocking or overlap ?ltering, 
described beloW) that Would otherWise be applied across 
boundaries betWeen adjacent slices in a picture are disal 
loWed. In other Words, the top and bottom macroblock roWs 
of each slice are treated as if they are the top and bottom 
macroblock roWs of the picture in such boundary processes. 

Overlap Smoothing 
Overlapped transforms are modi?ed block based trans 

forms that exchange information across the block boundary. 
With a Well designed overlapped transform, blocking arti 
facts can be minimized. For intra blocks, the illustrated 
video codec simulates an overlapped transform by coupling 
an 8x8 block transform With a ?ltering operation (referred to 
as overlap smoothing). Edges of an 8x8 block that separate 
tWo intra blocks are smoothediin effect an overlapped 
transform is implemented at this interface. Except, overlap 
smoothing is not performed across slice boundaries in any 
case. 

If the sequence layer syntax element OVERLAP 420 
(FIG. 4) is set to 1, then a ?ltering operation may be 
conditionally performed across edges of tWo neighboring 
Intra blocks, for both the luminance and chrominance chan 
nels. This ?ltering operation (referred to as overlap smooth 
ing) is performed subsequent to decoding the frame, and 
prior to in-loop deblocking. HoWever, overlap smoothing 
may be done after the relevant macroblock slices are 
decoded as this is functionally equivalent to smoothing after 
decoding the entire frame. 

FIG. 7 shoWs an example of overlap smoothing per 
formed on a portion of a P frame With I blocks. This could 
be either the luminance or chrominance channel. I blocks are 
gray (or crosshatched) and P blocks are White. In this 
illustration, the edge interface over Which overlap smooth 
ing is applied is marked With a crosshatch pattern. Overlap 
smoothing is applied to tWo pixels on either side of the 
separating boundary. The right bottom area of frame is 
shoWn here as an example. Pixels occupy individual cells 
and blocks are separated by heavy lines. The dark circle 
marks the 2x2 pixel corner subblock that is ?ltered in both 
directions. 

The loWer inset in FIG. 7 shoWs four labeled pixels, a0 
and al are to the left and b1, b0 to the right of the vertical 
block edge. The upper inset shoWs pixels marked p0, p1, q1 
and q0 straddling a horizontal edge. The next section 
describes the ?lter applied to these four pixel locations. 

Overlap smoothing is carried out on the unclamped 16 bit 
reconstruction. This is necessary because the forWard pro 
cess associated With overlap smoothing may result in range 
expansion beyond the permissible 8 bit range for pixel 
values. The result of overlap smoothing is clamped doWn to 
8 bits, in line With the remainder of the pixels not touched 
by overlap smoothing. 

Vertical edges (pixels a0, a1, b1, b0 in the above example) 
are ?ltered ?rst, folloWed by the horizontal edges (pixels p0, 
p1, q1, q0). The intermediate result folloWing the ?rst stage 
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of ?ltering (vertical edge smoothing) is stored in 16 bit. The 
core ?lters applied to the four pixels straddling either edge 
are given beloW: 
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yo 7 O O 1 X0 r0 

y 1 —l 7 l 1 x1 r1 
= + >> 3 

y2 l l 7 —1 x2 r0 

y3 l O O 7 x3 r1 

The original pixels being ?ltered are (x0, x1, x2, x3). r0 
and r1 are rounding parameters, Which take on alternating 
values of 3 and 4 to ensure statistically unbiased rounding. 
The original values are ?ltered by the matrix With entries 
that are clearly easy to implement. These values, after 
adding the rounding factors, are bit shifted by three bits to 
give the ?ltered output (y0, y1, y2, y3). 

For both horizontal and vertical edge ?lters, the rounding 
values are r0:4, r1:3 for odd-indexed columns and roWs 
respectively, assuming the numbering Within a block to start 
at 1. For even-indexed columns/roWs, r0:3 and 
r1:4.Filtering is de?ned as an in-place 16 bit operationi 
thus the original pixels are overwritten after smoothing. For 
vertical edge ?ltering, the pixels (a0, a1, b1, b0) correspond 
to (x0, x1, x2, x3), Which in turn get ?ltered to (y0, y1, y2, 
y3). LikeWise, for horizontal edge ?ltering, the correspon 
dence is With (p0, p1, q1, q0) respectively. 
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Pixels in the 2x2 comer, shoWn by the dark circle in FIG. 
7, are ?ltered in both directions. The order of ?ltering 
determines their ?nal values, and therefore it is important to 
maintain the orderivertical edge ?ltering folloWed by 
horizontal edge ?lteringifor bit exactness. Conceptually, 
clamping is to be performed subsequent to the tWo direc 
tional ?ltering stages, on all pixels that are ?ltered. HoWever, 
there may be some computational advantage to combining 
clamping With ?ltering. 

30 

In-loop Deblock Filtering 
40 Loop ?ltering is a process performed by the video 

encoder/decoder at block boundaries to smooth out discon 
tinuities. If the sequence layer syntax element LOOPFIL 
TER 430 (FIG. 4) is set to 1, then a ?ltering operation is 
performed on each reconstructed frame. This ?ltering opera 
tion is performed prior to using the reconstructed frame as 
a reference for motion predictive coding. 

Since the intent of loop ?ltering is to smooth out the 
discontinuities at block boundaries, the ?ltering process 
operates on the pixels that border neighboring blocks. For P 
pictures, the block boundaries can occur at every 4th, 8th, 
12”’, etc pixel roW or column depending on Whether an 8x8, 
8x4 or 4x8 Inverse Transform is used. For I pictures ?ltering 
occurs at every 8th, 16th, 24”’, etc pixel roW and column. 
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For I pictures, deblock ?ltering is performed at all 8x8 
block boundaries, except deblock ?ltering is not performed 
at slice boundaries (Which are treated similar to picture 
edges). FIGS. 8 and 9 shoW the pixels that are ?ltered along 
the horizontal and vertical border regions of an I-picture 

60 frame. The ?gures shoW the upper left corner of a compo 
nent (luma, Cr or Cb) plane. The crosses represent pixels and 
the circled crosses represent the pixels that are ?ltered. 

55 

As the ?gures shoW, the top horizontal line and ?rst 
vertical line of a picture or slice are not ?ltered. Although not 
depicted, the bottom horizontal line and last vertical line of 
a picture or slice are also not ?ltered. In more formal terms, 
the folloWing lines are ?ltered: 
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